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EXECUTIVE SUMMARY

The Univerdly of Dayton is supportig Federal Aviation Administration (FAA) research on the
structural intgrity requirenents for the US commercial transport airplane fleet. The pyima
objective of this research is to supporé thPAA Airborne Data Monitomg Systems Research
Programby developng new and improved methods and créefor piocessng andpresenting
large commercial transpoairplare flight and ground loads usage datahéelscopeof activities
performed involved (1) definindhé service rated factors which affect the operational life of
commercial aircraft; (2) degning an effcient softwaresystem to reduce, store, and process
large quantities of optical quick access recorder data; and (3) p@pidioessed data in foats
that will enable the FAA to reassess exigtiertification critera. Equaly important, these new
data will also enable the FAAhe aircraft maofacturers and the airlines to better understand
and control those factors which influence the structuradyiriteof commercal transport aircratft.
Presented herein areadyses and statistical summaries adta collected from 11,721idihts
representing 19,105 flight hour®f 17 typical B-737-400 aircraft dumg operational usage
recordedby a sirgle arline. The statistical data presented includes the initial recordied da
previousy reported in FAA report DOT/FAA/AR-95/21. h€é data inclde statistical information
on accelerations, speeds, altitudesghtli duration and distance, gross ighds, speed
brake/spoilercycles, thrust reerser usageand gust velocities mcountered.
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1. INTRODUCTION.

The Federal Aviation Administration (FAA) has angomg Airborne Data Monitorig Systems
Research Fgram to collectprocess, and ewvadte statistical flight loadslata from transport
aircraft used in normal commerciatlane operations. The objectives of this gram are (a) to
acquire, evaluate, and utilizgpical operational in-serge dada for comparison with the prior
data used in the dgm and galification testingof civil transport aircraft andb to provide a
basis to improve the structural criteria andthods of dagn, esaluation, and substantiation of
future airplanes. Since the inception of the FAA’s Airborne Data Mong@ystems Research
Program, the scopaf the piogram has steal§i increaed to include datcollection on additional
aircraft, different aircraft models, and additional operators. The Uriyeo$i Dayton has
supported the FAA'’s efforts arths responsibily for the daa andysis and pocessing tasks and
report prgaration. In consultation with airplane mafacturers and operators, the Univetgihas
enhanced and improved the data procegssiapabilities to allow reducgy andyzing, and
reporting additional aircraft usage and statistical loads diam the dgital flight loads recorders
into a form that will fulfill the requests of thereraft manufacturers, the airlineand the FAA.
The reportpresents da obtained from 17 airplanewver 11,721 fights and 19,105 housf
airline operations for the B-737-400 aircraft of a singleraor.

2. ARCRAFT DES@IPTION.

Table 1 preents cetain operational characteristics of the 1gelg 737-400 aircraft which were
equipped with optical quick access retms Figure 1 shows front, top, drside views of the
aircraft and identifies its majohgsical dimensions.

TABLE 1. BCEING 737-400 ARCRAFT CHARACTERISTICS

Maximum Taxi Weight 143,000 Ib
Maximum Takeoff Weaght 142,500 Ib
Maximum Landirg Weight 121,000 Ib
Zero-Fuel Wejht 113,000 Ib

Fuel Capaady 5311 U.S. gallons
2 CFM56-3 FBgines @ 22,000 Ibs static thrust each
Wing Span 94 f9in

Wing Reference Area 980 ft

Wing MAC 11ft2.46 in

Wing Sweep 25 degrees
Length 119ft7in

Height 36ft6in

Tread 17ft2in

Wheel Base 46 ft 10 in
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FIGURE 1. BOENG 737-400 THREE-\EW DRAWING

3. AIRLINE DATA COLLECTION AND EDITING SYSTEMS.

The airline data collection and editisgstem consists of two major components: (1) tha da
collection system installed on board the aircraft ar®) the ground da editing station. A
schematic overview of th&/stem isgiven in figure 2. The requiraents for the da acquisition
and processop are defined in reference 1. The collection and eglisystems are discussed
below.

3.1 DATA COLLECTION SYSTEM.

The on-board data collectiosystem consists of a iDital Flight Data Acquisition Unit
(DFDAU), a Digital Flight Data Recorder¥FDR), and an Optical Quick Access Redmr
(OQAR). The DFDAU collects sensageals and sendsarallel data sgnals to both the DFDR
and the OQAR. The OQAR is ggrammed to start recorttj one@ certain data ignals are
detected. e OQAR is equipped with an optical disk which can store up to 200 hbilighd
data, whereas #DFDR uses a 25-hour looptee. The optical disk is periodi¢glremovel from
the OQAR anddrwarded to the ground pcessig station.
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FIGURE 2. AIRLINE RECORDNG AND EDITING SYSTEM

3.2 DATA EDITING SYSTEM.

The airlire grounddata edithg station consists of a Pentium computemagieto-opticd (MO)
disk drive, and fight data editig software. The sbtivare performs a number of functions during
the process dransferring the raw iffjht data into DOS filedrmat onto the hard disk. h& most
important of these functions include a data gnitg check and removal of ght sensitive
information. Data considered sensitere those which cape used to readilydentify a specific
flight. The desensitized data are forwarded to the Uniyeasi Dayton Researchnstitute
(UDRI) for flight loads processing and &ss. Table Zresents the recded déa parameters
providedby the airline to UIRI.

4. UNIVERSITY OF DAYTON RESEARCHNSTITUTE DATA PROCESING.

The data parameters of table 2 previdedby the arline to UDRI for each recorded flight. he
data are provided on maeto-optical disks containgnbinay files for multiple flights for
different airplanes. HAese dta are processely UDRI to extract the parameters required for
statistical flight loads presation. This section desbas the redction of the data and the
derivation of regired parameters.



TABLE 2. RECORDED PARAMETERS PRONED TO UDRI

Paraneter Sample Rate
Normal Accelegtion 8 pe seond
Lateral Accdleration 4 pe seond
Longitudinal Acceleration 4 pe seond
Ail eron PRosition 1 pea seond
Elevator Position 1 pea seond
Rudder sition 2 pe seond
Pilot Trim Position 1 pa seond
Flap Handle Position 1 pe seond
Speed Brke Positon 1 pe seond
N; Engine - Left 1 pea seond
N; Engine - Right 1 pea seond
Throttle #1 Fsition 1 pea seond
Throttle #2 Rsition 1 pa seond
Thrust Reverser Position Discrete
Autopilot Status (an or off) Discrete
Squat Svitch (main gear) Discrete
Gear Paition Discrete
Calibrated Airspeed 1 pea seond
Ground Speed 1 pe seond
Mach Nunber 1 per4 seconds
Pressuré\ltitude 1 pa seond
Gross Weight 1 per64 sconds
Bark Angle 2 pe seond
Pitch Angle 4 pe seond
Magnetic Healing 1 pe seond
Totd Air Temperatire 1 pa seond
Radio Altitude 1 pa seond

4.1 DATA REDUCTON.

Each file providedy the airline contains multiple ghts for eachairplane. These fikarefirst
separged into individual flght files and subsequéwntinto individual time histoy files for each
flight. The time histoy files are compressed and stored on thmeesa30 MB mageto-optical
disks for later recalby the fight loads ppcessng software.

Data editig and verification are performed on the data as the time histories agepbepared.
Messages alert the user that obvigierroneous da havebeen removed and that questionable
data havébeen retained but need to be malhy reviewed prior to their acceptance. Table 3 lists
the limits aainst which the data are compared.



TABLE 3. PARAMETER EDTING VALUES

Item Condition Min Max
1. | Gross Weight at sart up 75,0M Ibs | 150,5@ Ibs
2. | Pressurdltitude (Hp) atall times -2,000 ft 45,000 ft
3. | Calibrated Airspeed atal times diring fli ght operations 45kts 420kts
4. | Normal Accelegtion at sert up and shut down in flght 0g +4 g
5. | Lateral Acceleration atal times +0.5¢ +0.5¢
6. | Longitudinal Acceleration | atall times +1.09 +1.0g
7. | Flap Handle Position atal times 0° 45°
8. | Elevator Paition atall times +25° +25°
9. | Ail eron Rosition atal times +25° +25°
10. | Rudder ®sition atal times +50° +50°
11 | Trim Position atal times 0° 20°
12. | Speed Brke Handle atal times 0° 60°
Position
13. | Throttlesl and 2 atal times -5° 75°
14. | Thrust Reverser Bsition | stowel at start up ad shutdown 0 1
15. | Autopilot Stats off or on 0 1
16. | Squat Svitch (maingear) | closedat start yp and shutdown 0 1
17. | Landing Gear Position down 4d start up ad shutdown 0 1
up within 10 seconcs after takeoff
down within 10 minutes before landing
18. | Pitch Attitude atal times -20° +30°
19. | Bark Attitude atal times +60° +60°
20. | Mach Number atal times 0 1
21. | Ground Sped atal times 0 kts 800kts

Impottant characteristics about each set adhfls received from the airline are oeded in a
relational database. Airline identifier, aircraft tail number, and disk identifier of the disk
receved from the airline are in the dataEach fight is asgyned a unige flight sequence
number. The fght sequece number asgned to the first fght of theset and the numbeof
flights in the set are also entered. Also recorded is the disk identifier bf@hdisk, which
contains the compressed time higthles of all flights in the set.

4.2 RECORDED PARAMETERS.

Not all parameters listed in table 2 are used tatistical anbysis and data preseion. Tablet

lists the parameters used in the data reduction and for which timeyHitte are createand

compressed on the magneto-optical disk. s€hparametear are sed by the summarization
software for statistical ahysis anddata presentation.



TABLE 4. RECORDED PARAMETERS USEIN DATA REDUCTION

Flight Parameter Sample Rate
Gross Waiht 1 per 64 seconds
Pressure Altitude 1 per second
Calibrated Airspeed 1 per second
Normal Accelerationr,) 8 per second
Lateral Accelerationrg) 4 per second
Longitudinal Accelerationr{,) | 4 per second
Flap Handle Position 1 per second
Speed Brake Handle Position| 1 per second
Thrust Reverser Position Discrete
Autopilot Status (on or off) Discrete

Squat Switch (main gear) Discrete
Landirg Gear Position Discrete

Pitch Angle 4 per second
Bank Angle 2 per second
Mach Number 1 per 4 seconds
Ground Speed 1 per second
Magnetic Heading 1 per second
N; Engine - Left 1 per second

4.3 COMPUTED PARAMETERS.

Derived gust veloty Uge and continuousgust intendly U, are important statistical load
parameters which arderived from measured normal abemtions. This derivationfagust
velocity Uge and continuouggust intendly U, from measured earmal accelerations requires
knowledge of atmospheric detysiequivdent airspeed, andynamicpressure. Thesealues are
calculated usig equations that express the rate of change of tyeasia function é altitude
based on thénternational Standard Atmosphere.

4.3.1 Atmospheric Densi

For altitudes below 36,089 feet, thensty p is expressed as a function of altitude by
p=p, (1-6.876 x10 =6 % H, )4.256 0

whetr pq is air dendiy at sedevel (0.0023769 afs/ft) andH, is pressure altitude (ft). Pressure
altitude is a recorded parameter.



4.3.2 Equivalent Airspeed.

Equivalent air speed/() is a function of true air speeW+{ and the square root of the ratio of air
density at altitudeq) to air density at sea levelg)

v, =V, [ 7
Po

True airspeed is derived from Mach numbid) &nd speed of sound)(
V; = Ma. 3)

Mach number is a dimensionless, recorded parameter. The speed ofaoisna function of
pressure altitudeH;;) and the speed of sound at sea level and is

a=2,/(1-6.876x10° xH )

(4)
Substituting equations 1 and 4 into equation 2 gives
V, =M xa,x(1-6.876x10° xH , )*°x(1-6.876%x10° xH , )*** (5)
and
2.626
V, =M xa, ><(1—6.876><1O‘6><Hp) (6)
where the speed of sound at sea leyéd 4116.4 fps or 661.5 knots.
4.3.3 Dynamic Pressure (q).
The dynamic pressure)(is calculated from the air density and velocity
1.,
==pV 7
q=-p (1)
where
p = air density at altitude (slugsiyt
V = true air speed (ft/sec)

4.3.4 Derived Gust VelocityJye).

The derived gust velocity)qe, is computed from the peak values of gust incremental normal
acceleration as
An
U,=—== 8
de C ( )
where An, is gust peak incremental normal acceleration @nis the aircraft response factor

considering the plunge-only degree of freedom and is calculated from



PoVeCy, S

C= K 9
Ko 9)
where
po = 0.002377 slugsft standard sea level air density
Ve = equivalent airspeed (ft/sec)
C,, = aircraft lift-curve slope per radian
S = wing reference area {jt
W = gross weight (Ibs)
_0.88u _ .
Kg = = gust alleviation factor
53+u
B 2W
H = —
pgcC, S
p = air density, slug/ft at pressure altitudéip), from equation 1
g = 32.17 ft/set
C = wing mean geometric chord (ft)

In this program, the lift-curve slop€;, , is the untrimmed flexible lift-curve slope for the entire

airplane. For the flaps retracted conditions, the lift-curve slope is given as a function of Mach
number and altitude; for flaps extended, the lift-curve slope is a function of flap deflection and
calibrated airspeed (CAS).

4.3.5 Continuous Gust Intensity 4).

Power Spectral Density (PSD) functions provide a turbulence description in terms of the
probability distribution of the root-mean-square (rms) gust velocities. The root-mean-square
gust velocitiesU, , are computed from the peak gust value of normal acceleration using the
power spectral density technique as described in reference 2. The procedure is

An
U, =—= 10
=5 (10)
where An, = gust peak incremental normal acceleration
A = aj D.VeCLorS i
A = aircraft PSD gust response factog-iF(PSD) in (11
2W ft/sec
po = 0.002377 slugsht standard sea level air density
Ve = equivalent airspeed (ft/sec)
C,, = aircraft lift-curve slope per radian
S = wing reference area {jt
W = gross weight (Ibs)



F(PD)=—"—% 53— , dimensionless 12
(PD) Jr BLB V110+u (12)
C = wing mean geometric chord (ft)
L = turbulence scale ihgth, 2500 ft
U= pggTV\iaS dimensionless (13)
p = air densly (slugs/ft))
g = 32.17 ft/set

To determine the number of occurrenddsfbr U, calcuate

46
No (0 Cc O

_ No(0)er _ 1T EIQIJD , dimensionless (14)

No(o) 20300, [

where T, p, po, andu are defined above. Then eddh peak is counted a¥ counts at that),
value. This number of counts is used to determine the number of counts per nautigahmile (

counts N
or =5 : — (15)
nm istancdlownin countirg intervd

Finaly, the number of such counts is summed from the largest plus or minus value togvard t
smallest to produce the cumulative counts per nautical mile.

4.4 DATA REDUCTON CRITERIA.

To process the measured data into statistiggtitflioads format, specd data reduction criteria
were established for eaphrameter. Tese criteria are discsed in this section.

4.4.1 Phases of ifght.

Each fight was divided into nine pbad] four ground jpases (tai out, takeoff roll, landing roll
with and without thruisreverser, and ta in), and five airlorne phases (dearture, climb, cruise,
descent, and approach).igre 3 shows thee nine phees of atypical flight. The phases of
flight were not defied by he airline but had tke determined from the tta Table 5 lists the
conditions for determining the stangi times for eachimse It should be noted than airbone
phase can occur several times peghti because it is determindyy the rate of climb amthe
position of the flaps. When this occurs thiglit loads data are combined and presented in a
single fight phase. fe UDRI software creates aldi which chronalgicaly lists the phases of
flight and their correspondingasting times.
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TABLE 5. PHASE OF FLIGHT STARTING CRITERIA

Phase of Flight| Conditions at Start of Phase

Taxi Out Initial condition

Takeoff Roll Acceleration > 4 kts/sec for a minimum of 12 seconds

Departure Time at liftoff; flaps extended (squat switch off)

Climb Flaps retracted; rate of clin250 ft/min. for at least 1 minute

Cruise Flaps retracted; rate of clin®h250 ft/min. for at least 1 minute

Descent Flaps retracted; rate of descan250 ft/min. for at least 1minute

Approach Flaps extended; rate of desce50 ft/min. for at least 1 minute

Landing Roll Touchdown; (squat switch on)

Taxi In Magnetic heading change greater than 13.5 degrees after touchdqwn or
deviation from runway centerline greater than 100 feet

The criteria for the start of the takeoff roll have been redefined from those used in reference 3.
In reference 3, the start of takeoff roll was defined as the time when the calibrated airspeed
exceeded 50 knots and the longitudinal acceleration exceeded 0.15 g. It was found that in most
cases when these criteria were met, the airplane had already been accelerating for 6 to 8 seconds
and the initial portion of the takeoff roll was lost. The present criteria better defines the initial
start of takeoff roll. When the acceleration remains above 4 knots per second for a minimum of
12 seconds, the takeoff roll phase begins.

The criteria for the start of taxi in has also been redefined from the criteria used in reference 3.
In reference 3 the start of taxi in was defined as the time when thrust reversers were stowed after
initial deployment on landing. This definition did not account for cases when the thrust reversers
are not deployed during the landing roll or the thrust reversers are stowed before or after the
airplane turns off the active runway. In the new criteria, the start of taxi in has been redefined as
the time when the aircraft turns off the active runway. The primary method for detecting turnoff
is to monitor magnetic heading change for a change greater than 13.5 degrees from the landing

10



magnetic heading. The time when the heading starts to change in the turnoff direction is then
identified as the start of the turn or the beginning of the taxi in phase. This method can fail to
detect a shallow turnoff onto a parallel taxiway. In such cases a substitute criteria that identifies
a lateral deviation greater than 100 feet from the landing centerline is used to detect the turnoff
point.

The criteria for determining the pitch angle at takeoff has been changed from that used in
reference 3. In reference 3 the pitch angle at takeoff was defined as the maximum pitch angle
occurring between 5 seconds before and 10 seconds after the squat switch moved from the closed
to the open position. Using this time increment for selection of the pitch angle at takeoff results
in pitch angles at the instant of takeoff that would cause the aircraft aft fuselage to strike the
ground. For this report the pitch angle is defined as the angle occurring just prior to the squat
switch change.

4.4.2 Flight Distance.

The flight distance can be obtained either by determining the stage length of the flight or by
integrating the range with respect to changes in aircraft velocity as a function of time.

The stage length is defined as the distance from departure airport to destination airport and is
determined as the great circle distance in nautical miles between the point of liftoff (departure)
and the point of touchdown (destination). Appendix B describes the calculation of great circle
distance. The time histories of longitude and latitude are matched against the UDRI generated
phase of flight file to determine the geographical location of the aircraft at the point of liftoff and
the point of touchdown.

The integrated flight distance D is obtained by the numerical integration from the time at liftoff
(to) to the time of touchdown,ft and V is the average velocity duriag

t

D=3 AtV (16)
t

4.4.3 Sign Convention.

Acceleration data are recorded in three directions: normhalateral ¢), and longitudinal (x
As shown in figure 4, the positivedirection is up; the positive direction is airplane starboard;
and the positive direction is forward.
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Up
A
y Starboard
) /
Forward | &,

Parallel to Fuselage
/ Reference Line

FIGURE 4. SIGN CONVENTION FOR AIRPLANE ACCELERATIONS

4.4.4 Peak-Valley Selection.

The peak-between-means method presented in reference 2 was used to select the peaks and
valleys in the acceleration data. This method is consistent with past practices and pertains to all

accelerationsrg, ny, An,, Anzman,AnZgust). Figure 5 depicts an example of the peak-between-mean

criteria. This method counts upward events as positive and downward events as negative. Only
one peak or one valley is counted between two successive crossings of the mean. A threshold
zone is used in the data reduction to ignore irrelevant loads variations around the mean. For the

normal accelerationd\n,, An, o and An, , the threshold zone i20.05 g; for lateral

accelerationny, the threshold zone i20.005 g; and for longitudinal accelerationg the
threshold zone i£0.0025 g.

Mean Crossing
0 Classified Peak
o Classified Valley

I % — — — 9 —G — — #-y-— } Deadbad

Threshold Zone

FIGURE 5. THE PEAK-BETWEEN-MEANS CLASSIFICATION CRITERIA
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A peak is generated only when the acceleration data cross into or through the deadband. Two
situations must be considered: the position of the current acceleration value relative to the
deadband and the position of the previous acceleration value relative to the deadband. In the
peak-between-means counting algorithm, the previous acceleration value is that value in a
consecutive set of values all of which lie either above the deadband or below the deadband. The
previous value is established as a peak when the current value has crossed into or through the
deadband. Figures 6a and 6b demonstrate the concept of current and previous acceleration
values. In figure 6a the current acceleration value passes into the deadband, whereas in figure 6b
the current value passes through the deadband.

Current
/# Acceleration

. Value
Previous
Acceleration
* Value Deadband /
AN

% *
Deadband \* Current \*/
Acceleration Previous
Value Acceleration
Value
FIGURE 6a. CURRENT ACCELERATION FIGURE 6b. CURRENT ACCELERATION VALUE
VALUE PASSES INTO DEADBAND PASSES THROUGH DEADBAND

Italicized text in table 6 summarizes the action(s) taken when the various possibilities occur.
Note that when a previous acceleration value is retained as a potential peak, its coincident time is
also retained.

4.4.5 Separation of Maneuver and Gust Load Factors.

The recorded normal acceleration) (values included the 1 g flight condition. The 1 g condition
was removed from each, reading which was then recorded &%. In order to avoid the
inclusion of peaks and valleys associated with nonsignificant small load variations, a threshold
zone of An, = +0.05 g was established. An algorithm was then developed to extract the
acceleration peaks and valleys.

For each flight, the maximum and minimum total accelerations were determined from just after
liftoff to just before touchdown. For the five in-flight phases, Aime cumulative occurrences

were determined as cumulative counts per nautical mile and cumulative counts per 1000 hours
using the peak-between-means counting method of reference 2 explained in section 4.4.4.

The incremental acceleration measured at the center of gravity (c.g.) of the aircraft may be the
result of either maneuvers or gusts or a combination of both. In order to derive gust statistics, the
maneuver induced acceleration is separated from the total acceleration history. Most maneuver
induced loads are associated with turning maneuvers.
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TABLE 6. PEAK CLASSIFICATION CRITERIA

Previous Acceleration

Value Relative to Current Acceleration Value Relative to Deadband
Deadband Below Within Above
Current acceleration passgsCurrent acceleration Current acceleration is of
through deadband. passes into deadband. | same side of deadband &s
Above Previous value classified asPrevious value classified | previous.
Previous value is a positive peak. as a positive peak. If current > previous
potential positive peak | Current value retained as & Acceleration value value, retain current valu¢
potential negative peak. | flagged as being in as potential positive peak
deadband and release previous.
Within Current acceleration passgs Current acceleration
At start of processing, or| downward out of deadband. passes upward out of
a peak was established | Current value is retained ap No Action deadband.
but current acceleration | a potential negative peak. Required Current value retained ag
value has not since gone potential positive peak.
outside of deadband
Current acceleration is on | Current acceleration Current acceleration
same side of deadband as| passes into deadband. | passes through deadbangl.
Below previous. Previous value is Previous value is
Previous value is If current value < previous| established as a negative classified as a negative
potential negative peak | value, retain current value | peak. peak.
as potential negative peak| Acceleration value Current value retained ag
and release previous valug.flagged as being in potential positive peak.
deadband

The increment due to a turning maneuv&my is determined using the bank angle method
discussed in reference 2 to calculate the maneuver acceleﬁa;&gpas

An, = (sech -1) (17)

where¢ is the bank angle. The remaining peaks and valleys are assumed to be gust induced,
where gust normal accelerationrggust) is calculated as

An,  =An,=An, (18)
This approach does not separate the pitching maneuvers induced by pilot control inputs. In
reference 2, J.B. de Jonge suggests that accelerations resulting from pitch maneuvers induced by
pilot input to counteract turbulence can be considered as part of the aircraft system response to
the turbulence. Accelerations that are induced by the pitch maneuver at the specific points of
rotation and flare during takeoff and climb and approach and touchdown have not been removed
during this initial data reduction effort. Since turbulence is a more dominant loading input on
commercial aircraft than maneuvers, correcting for pitch maneuvers at a later time will not
substantially alter the statistics presented herein.

Once calculated, the measurementArgf An, o andAn, are maintained as three unique data

streams. TheAnZgust and An, ~ data are plotted as cumulative occurrences of a given

acceleration fraction per nautical mile and per 1000 flight hours. Separate plots are provided for
each phase of flight and all phases combined. Aiefraction is the recorded incremental
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normal load factor (airplane limit load factor minus 1.0 g). As a result of the threshold zone,
only accéerations greater than0.05 g (measured from a 1.0 g base) are counted far da
presentation.

4.4.6 Flap Deents.

When flaps arex@¢ended, the effectivdeflection is considered to be that bétapplicable dent,
as indicated in table 7. The flap deflectiongas and placardoseds reflect the flap dgm and
cockpit placards.

TABLE 7. LAP DETENTS (B-B7-400)

Flap Minimum Maximum Design Plcard | Codpit Placard

Detent | Flap Setting| Flap Setting| Speed (KAS) Speed (KAS)
1 >0 <0.5 250 250
5 >0.5 <5 250 250
10 >5 <10 218 215
15 > 10 <15 213 205
25 > 15 <25 206 190
30 > 25 <30 199 185
40 > 30 <40 162 162
45 >40 162 162

5. DATA PRESENTATON.

Table 8 lists the statistical data presion formats for with data was processed andluded

in appendix A of this report. Similar statistical loads data, but of a reduced scope and based on
fewer flights for a sigle arcraft, were previolg presentedn reference 3. To facilitate
comparisons of the present data formats with this earlier data, the dattsfavailable in
reference 3 are identifiday an asterisk in the listgs oftable 8.

Figures A-1 throgh A-83 present the processed daltawill be noted that the data presented in
these fgures are not alwaysased on an identical number afgfits. Dumg data redction it
was found that the acceleration measurements in ceigltsflexhibited random errgrand were
unreliable. When this occurred, thosrgtits were eliminated from the statistical data foy a
parameters assotél, diredty or indirecty, with the unreliable acceleration measurements. As
a result, not all figres arebased on data from identical numbers oghts, hours, or nautical
miles.

5.1 ARCRAFT OPERATONAL USAGE DATA.

The aircraft usage data includeght profile statistics such as weights, altitudes, speeds, and
flight distance inbrmation. This information is useful in the derivationtygical flight profiles

and in defining ground-air-grouncicles br structural durabity, damage tolerance alyses,
future deggn criteria, and for use in the dysis of airline @eratng economics. Aircraft usage
data are preented in fgures A-1 thragh A-12.
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TABLE 8. STATISTICAL DATA FORMATS

Data Description Figure
AIRCRAFT USAGE DATA

WEIGHT DATA

Cumulative Probability of Takeoff Gross Weight A-1

Cumulative Probability of Takeoff Fuel Weight A-2

Cumulative Probability of Landing Gross Weight A-3

Correlation of Takeoff Fuel Weight and Flight Distance, Percent of Flights A-4

Correlation of Takeoff Gross Weight and Flight Distance, Percent of Flights -5

Correlation of Gross Weight at Liftoff and Touchdown, Percent of Flights * A-6

ALTITUDE DATA

Correlation of Maximum Altitude and Flight Distance, Percent of Flights A-7

Percent of Total Distance in Altitude Bands A-8

Coincident Altitude at Maximum Mach Number, Cruise Phase A-9a

Coincident Altitude at Maximum Equivalent Airspeed, Cruise Phase A-9b

Coincident Altitude at Maximum Mach Number, All Flight Phases A-10a

Coincident Altitude at Maximum Equivalent Airspeed, All Flight Phases A-10b

FLIGHT DISTANCES

Cumulative Probability of Flight Distances A-11

AUTOPILOT OPERATION *

Cumulative Probability of Percent of Flight Time on Autopilot A-12

GROUND LOADS DATA

LATERAL LOAD FACTOR, n,

Cumulative Frequency of Maximum Side Load Factor During Ground Turns A-13

LONGITUDINAL LOAD FACTOR, n,

Cumulative Frequency of Longitudinal Load Factor During Ground Taxi A-14

Cumulative Frequency of Longitudinal Load Factor During Landing Roll A-15

Cumulative Probability of Maximum Longitudinal Load Factor During Takeoff A-1§

Cumulative Probability of Minimum Longitudinal Load Factor During Landing A-17

VERTICAL LOAD FACTOR, n

Cumulative Frequency of Incremental Vertical Load Factor During Taxi Operations A-18

Cumulative Frequency of Incremental Vertical Load Factor During Takeoff Roll A-19

Cumulative Frequency of Incremental Vertical Load Factor During Landing Roll A-20

Cumulative Probability of Minimum and Maximum Incremental Vertical Load Factor at TouchdownAs2d

Spoiler Deployment *

Coincident Incremental Vertical Load Factor and Touchdown Gross Weight A-22

GROUND SPEED DATA

Cumulative Probability of Ground Speed During Taxi A-23

Cumulative Probability of Airspeed at Liftoff and Touchdown * A-24

FLARE DATA

Cumulative Probability of Airspeed at Flare A-25

PITCH/ROTATION DATA

Cumulative Probability of Pitch Angle at Liftoff and Touchdown * A-26

Cumulative Probability of Maximum Pitch Rate at Takeoff Rotation * A-27

Cumulative Probability of Pitch Angle at Touchdown Peak Vertical Load Factor * A-28

*Denotes data formats from reference 3.
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TABLE 8. STATISTICAL DATA FORMATS (Continued)

Data Description Figure
FLIGHT LOADS DATA
GUST LOADS DATA
Cumulative Occurrences of Vertical Gust Load Factor per 1000 Hours by Flight Phase A-29
Cumulative Occurrences of Incremental Vertical Gust Load Factor per 1000 Hours, Combined Flight30
Phases
Cumulative Occurrences of Vertical Gust Load Factor per Nautical Mile by Flight Phase A131
Cumulative Occurrences of Incremental Vertical Gust Load Factor per Nautical Mile, Combined Rligk32
Phases
Cumulative Occurrences of Derived Gust Velogigy Nautical Mile, < 500 Feet A-33
Cumulative Occurrences of Derived Gust Velogigy Nautical Mile, 500-1,500 Feet A-34
Cumulative Occurrences of Derived Gust Velogigy Nautical Mile, 1,500-4,500 Feet A-35
Cumulative Occurrences of Derived Gust Velogigy Nautical Mile, 4,500-9,500 Feet A-36
Cumulative Occurrences of Derived Gust Velogigy Nautical Mile, 9,500-19,500 Feet A-37
Cumulative Occurrences of Derived Gust Velogigy Nautical Mile, 19,500-29,500 Feet A-38
Cumulative Occurrences of Derived Gust Velocity per Nautical Mile, 29,500-39,500 Feet A{39
Cumulative Occurrences of Derived Gust Velocity per Nautical Mile, Flaps Extended A-40
Cumulative Occurrences of Derived Gust Velocity per Nautical Mile, Flaps Retracted A-41
Cumulative Occurrences of Continuous Gust Intensity per Nautical Mile, Flaps Extended AF42
Cumulative Occurrences of Continuous Gust Intensity per Nautical Mile, Flaps Retracted A-43
MANEUVER LOADS DATA
Cumulative Occurrences of Incremental Maneuver Load Factor per 1000 Hours During Departure By44
Altitude
Cumulative Occurrences of Incremental Maneuver Load Factor per 1000 Hours During Climb by | A-45
Altitude
Cumulative Occurrences of Incremental Maneuver Load Factor per 1000 Hours During Cruise by| A-46
Altitude
Cumulative Occurrences of Maneuver Load Factor per 1000 Hours During Descent by Altitude A-47
Cumulative Occurrences of Maneuver Load Factor per 1000 Hours During Approach by Altitude A-48
Cumulative Occurrences of Maneuver Load Factor per Nautical Mile During Departure by Altitude Ar49
Cumulative Occurrences of Maneuver Load Factor per Nautical Mile During Climb by Altitude A-50
Cumulative Occurrences of Maneuver Load Factor per Nautical Mile During Cruise by Altitude A{51
Cumulative Occurrences of Maneuver Load Factor per Nautical Mile During Descent by Altitude Ar52
Cumulative Occurrences of Maneuver Load Factor per Nautical Mile During Approach by Altitude A153
Cumulative Occurrences of Maneuver Load Factor per 1000 Hours by Flight Phase A-54
Cumulative Occurrences of Maneuver Load Factor per 1000 Hours, Combined Flight Phases A-55
Cumulative Occurrences of Maneuver Load Factor per Nautical Mile by Flight Phase A156
Cumulative Occurrences of Maneuver Load Factor per Nautical Mile, Combined Flight Phases A-57
COMBINED MANEUVER AND GUST LOADS DATA *
Cumulative Occurrences of Combined Maneuver and Gust Vertical Load Factor per 1000 Hours byA-58
Flight Phase
Cumulative Occurrences of Vertical Load Factor per 1000 Hours, Combined Flight Phases A-59
Cumulative Occurrences of Vertical Load Factor per Nautical Mile by Flight Phase A-60
Cumulative Occurrences of Vertical Load Factor per Nautical Mile, Combined Flight Phases A-61
Cumulative Occurrences of Lateral Load Factor per 1000 Hours, Combined Flight Phases A-62
Coincident Maneuvers Load Factor and Speed Versus V-n Diagram for Flaps Retracted A-63
Coincident Maneuvers Load Factor and Speed Versus V-n Diagram for Flaps Extended A-64
Coincident Gust Load Factor and Speed Versus V-n Diagram for Flaps Retracted A-65
Coincident Gust Load Factor and Speed Versus V-n Diagram for Flaps Extended A-66

*Denotes data formats from reference 3.
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TABLE 8. STATISTICAL DATA FORMATS (Continued)

Data Description Figure

MISCELLANEOUS OPERATIONAL DATA

FLAP USAGE DATA

Cumulative Probability of Maximum Airspeed in Flap Detent During Departure A-67
Cumulative Probability of Maximum Airspeed in Flap Detent During Approach A-68
Percent of Time in Flap Detent During Departure A-69
Percent of Time in Flap Detent During Approach A-70
Cumulative Probability of Maximum Dynamic Pressure in Flap Detent During Departure A-Ir1
Cumulative Probability of Maximum Dynamic Pressure in Flap Detent During Approach A-T2
SPEED BRAKE/FLIGHT SPOILER DATA

Cumulative Probability of Maximum Speed During Speed Brake Deployment A-13
Cumulative Frequency of Speed at Speed Brake Deployment A-T4
Cumulative Frequency of Altitude at Speed Brake Deployment A-75

Cumulative Probability of Maximum Deployment Angle During Speed Brake Deployment, Flaps | A-76
Retracted

THRUST REVERSER DATA

Cumulative Probability of Time With Thrust Reversers Deployed A-71

Cumulative Probability of Speed at Thrust Reverser Deployment and Stowage A:78
LANDING GEAR EXTENSION/RETRACTION DATA

Cumulative Probability of Time With Landing Gear Extended After Liftoff A-79

Cumulative Probability of Time With Landing Gear Extended Prior to Touchdown A-80

Cumulative Probability of Maximum Airspeed With Gear Extended A-81

PROPULSION SYSTEM DATA
Cumulative Probability of Percent of; Idt Takeoff A-82
Cumulative Probability of Percent of N A-83

*Denotes data formats from reference 3.

5.1.1 Weight Data.

Statistical data on operational takeoff gross weights, landing gross weights, and fuel weights are
presented in this section. These weights are also correlated to flight distance. The cumulative
probabilities of takeoff gross weight, takeoff fuel weight, and landing weight are presented in
figures A-1 through A-3 respectively. The correlation between fuel weight at takeoff and the
flight distance is presented in figure A-4. A similar correlation for takeoff gross weight and
flight distance is shown in figure A-5. The flight distances in figures A-4 and A-5 are based on
the great circle distance between departure and arrival points. It is interesting to note that the
small difference in the number of flights between figures A-4 and A-5 has an insignificant
impact on the flight distance distribution as indicated by a comparison of the numbers in the right
end columns of these figures. Figure A-6 provides the correlation between the takeoff gross
weight and the landing gross weight. The correlation shows that for most flights with light
takeoff weights (less than 100,000 pounds) the landing weight is within 10,000 pounds of the
takeoff weight. For the medium takeoff weights from 100,000-130,000 pounds the landing
weights are from 10,000-20,000 pounds below takeoff weight. For the heavy weight takeoffs
from 130,000-150,000 pounds the landing weights are from 20,000-30,000 pounds below the
takeoff weight.
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5.1.2 Altitude Data.

Measured operational altitudes and their correlation to flight distance and maximum speed are
presented. Figure A-7 shows the correlation between the maximum altitude attained in flight and
the flight distance flown in percent of flights. The data show that for short flights of less than
250 nautical miles, the maximum altitude is generally below 30,000 feet with the most flights
occurring from 20,000-25,000 feet. For flights from 250-500 nautical miles the altitude may
range from 25,000 to 40,000 feet, while for flights above 500 nautical miles the maximum
altitude can be considered above 30,000 feet. Figure A-8 presents the percent of total flight
distance spent in various altitude bands as a function of flight distance. The flight distances in
figure A-7 reflect the stage lengths, whereas the flight distances in figure A-8 are based on the
numerical integration approach mentioned in paragraph 4.4.2. The combined information
in figures A-7 and A-8 provide a comprehensive picture of the flight profile distribution.
Figures A-9a and A-9b show the coincident altitude at the maximum Mach number and the
maximum equivalent airspeed attained in the cruise phase of the flights respectively. Figures
A-10a and A-10b show the maximum Mach number or the maximum equivalent airspeed with
respect to the design cruise limit regardless of flight phase. In other words, the speed that most
closely approached the speed limit in a flight was identified as the maximum speed. As an
example, in one flight the maximum speed with respect to the limit might have been attained in
the climb phase, while in another flight the maximum speed with respect to the limit speed might
have occurred in the cruise phase. The data in figures A-10a and A-10b are fairly evenly
distributed between the climb, cruise, and descent phases with only a single occurrence in the
departure and approach phases. The design speed limits are also shown in the figures. It should
be noted that maximum Mach number and maximum equivalent airspeed do not necessarily
occur simultaneously.

5.1.3 Flight Distance Data.

Flight distance statistics useful in the generation of flight profiles were derived and are presented
here. The cumulative probability of flight distances flown is presented in figure A-11. The great
circle distance reflects the ground distance between two points as obtained from the great circle
distance calculation, but does not necessarily reflect the actual distance flown. Deviation from
direct flight between departure and arrival points resulting from traffic control requirements will
increase the actual distance flown by some unknown amount. To a much lesser extent, the climb
and descent distances are slightly larger than the level flight distance. Head or tail winds also are
unknown contributors. The integrated distance accounts for such variables. The figure provides
a graphical presentation of the differences in flight distance obtained by the two approaches.

5.1.4 Autopilot Usage.

Autopilot usage is determined by the operational procedures employed. Figure A-12 shows the
cumulative probability of percent flight time flown on autopilot. Comparison with the autopilot
data presented in reference 3 shows that autopilot usage has increased significantly.
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5.2 GROUNDLOADS DATA.

The ground loads data inde frequeécy and probabity information on vertical, lateral, and
longitudinal accelerations, speeds, and pitch rotation associated with takeoffglaadd
ground @erations. These data aoé primary importance to landiag gear andanding gear
backup structure and to a$es extent to the wing, fuselage, and empage.

5.2.1 LateralLoad Factor Data.

Lateral load factor tstistics resulting from ground tung durng taxi were derived and are
presented. igure A-13 shows the cumulative freqegrof maximum side load factor during
ground turns. Tie information is preented forpreflight and postfght tai, as well as, left and
right turns. The turnip load factors durig taxi in are shown to be mosevere than those
experienced durmpturning while taxiing out. This is likéy the result of lgher taxi in speed as
shown in figure A-23. Tere is no gynificant difference between the numimérleft and rght
turns.

5.2.2 Longitudinal Load Factor Data.

Longitudinal load factor statistics were dexd fa all phases foground @eration, includag
preflight and postflight ta, and takeoff and landing roll. Riges A-14 and A-1%resent the
cumulative fregerncy of longitudinal load factor dung ground operations. igure A-14 shows
the data fopre- and postflight ta. The hidher number of occurrence$ negative logitudinal
load factorless than —0.15 g duag the ti in phase are posdipdue to brakig action occurng
at the hidper taxi in speeds. igure A-15 shows the landj rollout with and without thrust
reveser depbyment. Figures A-16 and A-17 present the cumulative probaluli the
maximum longitudinal load factor measuredrithg the takeff and landing rolls respectivi.

5.2.3 VerticalLoad Factor Data.

Vertical load factor statistics dag all phaes of ground peration with and without thrust
reveser werederived and are psented. Igure A-18 presents the cumulative frequgnof
incremental vertical load factor dugrmpreflight and postfight taxi. Fgure A-19 presents the
cumulative frequecy of incrememal vertical load factor durgn the takeoff roll, while
Figure A-2 preserdg the cumulativefrequerty of incrementé vertical load factar during the
landing roll for goeration with and without thrtigeverser. As can be seen there is little
difference in the frequey of vertical load factor occurrences resulting from taxi, takeoff roll,
and landingoll except for positive oaarrences dumg landng withou thrud reverser It is
noteworhy (see fgure A-15) that there is also increasedditudinal load factor actiwy during
landing without thruis reversers. fgure A-21 presents the cumulative Ipability of the
minimum and maximum incremental vertical load factore@ated with touchdown and ground
spoiler depbyment. As carbe seentie minimum load factors meaed at spoiledeployment
remain positive. ureA-22 shows the coincident incremental vertical load factor and gross
weight at touchdown for all flights.
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5.2.4 Ground Speed Data.

The cumulative prioabilities of ground geed or taxi in and txi out operations are presented in
figure A-23. The tai in speeds arseen to ke consideraly higher than the ta out speeds.
There can beeveral reasons for this differenceirdt, the airplanenay still be movirg at afairly

high speed shdst after turning off the active ruray. Departure from the active ruaw has
been used ashe criterion for start otaxi in. Second, movement of inbound traffic to the
terminal aftedanding is geeraly accomplished faster than similar movement from the terminal
to the takeoff position. ifure A-24 shows the cumulative probabilities of @eed at liftoff and
touchdown rotation. The liftoffpeeds are gpoximatdy 20 knots higher than the toudwh
speeds. Thedure indicateshat a considerable number of touchdewane performed at speeds
well above published stall speeds.

5.2.5 Flare Data.

Figure A-25 preents the cumulative probalbyliof airspeed at flare. Since the actual instant of
flare is difficult to determine withrgy great accur@y, the start of flare was assumed towwcd
seconds prior to main gear squat switch closure.

5.2.6 Pitch/Rotation Data.

The cumulative probabtl of maximum pitch agle at takedf and landig is presented in
figure A-26. The pitch angle for takeoff presented in thisiure are considerdlp lower than
those previody reported in refeme 3. It has beendetermined that the time increment
previousy used for séecting the pitch agle at takeoff was too hg, resulting in pitch angles at
the instant of takeoffnat would have resulted in the aircraft aft fiagge strikng the ground.
This increment was reduced for theesentdata reluction efbrt as discussed in section 4.4.1.
Figure A-27 presents the cumulative probalyli of maximum takeoff pitch ta at takeoff
rotation. Figire A-28 preents the cumulative pbability of pitch angle that ocars at
touchdown peakertical load factor.

5.3 FUGHT LOADS DATA.

The flight loads data include the statisticaltadathat describe the gust and maneuver
environment. The gust environment is presented in ¢dhm ©f cumulative occurrences of
derived gust veloty, continuous gust intertgi and vertical load factor. The derivel gust
velocity and continuous gust intetysiare computed vaés as decribed in section 4.3. Since the
1950’s, it has been common practice to presegtitfloads datas cumulative occurrenceBata

that werepreviougdy recorded on the B-737 are oefed in references 4 and 5 as cumulative
occurrences per 1000 ims. To compare to data from different references, the normal
acceleration da are plotted two ays, as cumulative occrences per 1000 hours and as
cumulative occurrences per nautical mile.

5.3.1 Gust.oads Data.

The gustdata are presented in therm of derved gust veloty U4 and continuous gust
intensities U,. Figure A-29 presents the cumulative occurrencelsincremental vertical gust
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load factor per 1000 hours. The data are presented by phase of flight. Figure A-30 shows
cumulative occurrences of incremental vertical gust load factor for the total combined airborne
phases per 1000 hours. Figure A-31 presents the cumulative occurrences of incremental vertical
gust load factor per nautical mile by phase of flight, and figure A-32 shows the cumulative
occurrences of incremental vertical gust load factor for the total combined airborne phases per
nautical mile. In figures A-33 through A-39 the derived gust velotigy is plotted as
cumulative counts per nautical mile for altitudes from sea level to 39,500 feet. Figures A-40 and
A-41 present the derived gust veloclile as cumulative counts per nautical mile with flaps
extended and retracted respectively.

5.3.2 Maneuver Loads Data.

The technique used to identify maneuvers assumes that maneuvers are associated primarily with
turning conditions and that the impact of pitch maneuvers is insignificant and can be ignored. As
a result, maneuvers resulting from push down or pull up maneuvers are ignored and only positive
maneuver load factors resulting from banked turns are identified.

Figures A-44 through A-48 present the cumulative occurrences of maneuver load factor per 1000
hours by altitude for each of the airborne flight phases, i.e., departure, climb, cruise, descent, and
approach. Figures A-49 through A-53 present the cumulative occurrences of maneuver load
factor by altitude per nautical mile in the airborne phases of flight. Figure A-54 presents the total
cumulative occurrences of incremental maneuver load factor per 1000 hours for each phase of
flight, regardless of altitude. Figure A-55 presents the total cumulative occurrences of
incremental maneuver load factor per 1000 hours for all flight phases combined. Figure A-56
presents the total cumulative occurrences of incremental maneuver load factor per nautical mile
for each phase of flight regardless of altitude. Figure A-57 presents the total cumulative
occurrences of incremental maneuver load factor per nautical mile for all flight phases combined.
The maneuver data presented in this report extend beyond load factor magnitudes available in
reference 3. However, at identical load factor levels, the data trends between this report and
reference 3 are quite similar.

5.3.3 Combined Maneuver and Gust Loads Data.

For the data presented in this section, the maneuver and gust load factors were not separated, but
the total load factor occurrences regardless of the cause were used in the derivation of the
figures. Figure A-58 shows the cumulative occurrences of total combined maneuver and gust
normal load factor per 1000 hours by phases of flight, and figure A-59 shows the occurrences for
all phases combined. Figures A-60 and A-61 show the data of figures A-58 and A-59 as
occurrences per nautical mile.

Federal Aviation Regulation (FAR) 25.333 requires that airplane structural operating limitations
be established at each combination of airspeed and load factor on and within the boundaries of
maneuvering and gust load envelopes (V-n diagrams). For purposes of displaying the coincident
maneuver or gust accelerations, four representative V-n diagrams were developed from the FAR
requirements.
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The required limit load factors fananeuvers are spiéied in FAR 25.337. Te positive limit
maneuvemng load factor i) may not beless than 2.5, and thnegative limit maneuveng load
factor may not be less than -1.0 apseds up td/c , vaying lineaty with speed to zero atp.
FAR 25.345 spediés that the positive limit maneuver load factor 8 @.when tke flaps are
extended. The stall curve on thedt side of theenvelopes is determindsy the maximum lift
coefficient. The curve was estimateylusing the 1g stall speed to estimatg,__ .

The required limit load factors f@usts result from gust velocities as specified in FAR 25.341.
The FAR specifies positive (up) andgaéive (down) airgust desin requirements for three
different aircraft degn speeds: maximurgust intendly (Vg), cruishg speed \c), and dive
speedYp). Betweersea level and 20,000 feet, the gust requirement is constarnyingaineaty

to the value given for 50,000 feet. FAR 25.345 sets a reqgeieof positive, negative, and
head-on dr 25 fps gusts when flaps aretended. These gudesign requirments are sbwn in
table 9.

TABLE 9. FAR REQUREMENTS FOR DIRIVED DISCRETE GUST VEOCITIES

Gust Velocty
Aircraft 0-20,000 Feet 50,000 Feet
Design Speed | Altitude Altitude
Vg 66 fps 38 fps
Ve 50 fps 25 fps
Vp 25 fps 12.5 fps
Flaps Etended 25 fps O

Sufficient data to geerate V-n diagrams for all weight and altitude conditions were not
available. Therefore, sea level data were used to develop the representgtarasjiand all of
the reorded maeuvers and gusts were plotted onsthe A weight of 90,000 Ibs., the lowest
recoded weght, was used for the lcalations required idevelopng these diagrams.

Figure A-63 thraigh A-66 shows he V-n diagrams for mmeeuver and dr gust with flaps
retracted and>@ended. Coincident acceleration apged measurements are also plotted on the
V-n diagrams. As can b&en in fgure A-66, a large numbeif gust accelerations occurred
outside the gust V-n diagrararfthe flaps gtended case.

5.4 MISCELLANEOUS OPERATONAL DATA.

The miscellaneous operational tdaincludes statistical uga information for faps, speed
brake/spoilers, thrust reversers, and lagdyear @erations. Althagh ailere and rudder
deflection information was available it was not preeesbecause it wadeemed that the slow
samplirg rates prevented the reduction of reliable statisticalgeiseformation for these
components.
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5.4.1 Flap Usage Data.

Flap usage statistics of value in the design of flap structure, backup structure, and other flap
components were reduced from the measured data. Figure A-67 presents the cumulative
probability of maximum airspeed encountered in various flap detents during the departure phase
of the flights. The flap detents are defined in table 7. The single points for detents 40 and 45 at
160 knots indicate a single occurrence of these settings during departure. Figure A-68 presents
similar data for the approach phase of the flights. Figures A-69 and A-70 present the percent of
time spent in various flap detents during the departure and approach phases of flight,
respectively. As shown in figure A-69, flap detent 5 was the detent used in almost all cases
during departure. Previous data presented in reference 6 showed that detent 1 was used
approximately one-third of the total time. Discussion with the airline confirmed that a change in
flap operating procedure for departure had occurred between the two reporting periods.
Comparison of the data in figure A-70 with similar data in reference 5 shows that although
changes in flap usage for approach had occurred, these changes were not as dramatic as those
seen for the departure phase. Figures A-71 and A-72 show the cumulative probability of
maximum dynamic pressure encountered while in different flap detents for the departure and
approach phases respectively. The single points for detents 40 and 45 in figure A-71 indicate a
single occurrence of these settings during departure.

5.4.2 Speed Brake/Spoiler Usage Data.

Information on speed brake operations during flight was determined to be of primary interest to
various users of the data. Therefore, statistics on speed brake usage as a function of speed,
altitude, and deflection angle were derived from the measured data. To be counted as a
deployment cycle the speed brake had to deflect more than 7 degrees for a period of 3 seconds.
Data on spoiler operations occurring during the landing roll are available, but were not reduced
into statistical format. Figure A-73 presents the cumulative occurrences of maximum speed
encountered while the speed brakes were deployed, while figure A-74 presents the cumulative
occurrences of speed at the moment of speed brake deployment. Figure A-75 presents the
cumulative occurrences of altitude at the moment of speed brake deployment. Figure A-76
presents the cumulative probability of maximum deployment angle reached during the time
that the speed brakes were deployed for the flaps retracted configuration. As can be seen in
figures A-73 through A-76 speed brake cycles occur on average less than once per flight. Speed
brake cycles occurred but were not counted for the conditions of flaps deflected in various
detents.

5.4.3 Thrust Reverser Data.

Cumulative probabilities of duration and speed associated with thrust reverser operations were
derived from the measured data. Figure A-77 presents the cumulative probability of total time
that thrust reversers are deployed. Figure A-78 presents the cumulative probability of the speed
at the time when the thrust reversers were deployed or stowed. Although normally the thrust
reversers are deployed and stowed a single time for each landing, the measured data showed two
cycles of thrust reverser operation on a few occasions. This accounts for the rare occurrence of
thrust reverser deployment at speeds as low as 45 knots in figure A-78. The data processing did
not evaluate the engine power lever angles existing at these specific low-speed thrust reverser
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depbyments. Hwever, at such low speedsxhaust gas re-ingestingecomes a concern.
Normaly the axgine manmfacturer specifies a thrust reverser cutoff speaggicaly about
50 knots, below which thrust reversers should not be used.

5.4.4 Landing Gear Eension/Retraction Data.

Landing gear peratng statistics were deiced from the meased ddéa. The inbrmation can be
used to support design, evaluation, and momdpaf the landig gear and asso¢e structure.
Figure A-79 shows the cumulative probatyilof total time with the landipgear extended after
liftoff. Figure A-80 shows the cumulative probatyilof time with the landig gear extended
prior to touchdown. As isxpected, the time with geaxtended dung apppach is consideraip
longer han the time after liftoff uen the pilot retracts the gear within seconds after liftoff.
Figure A-81 preents the cumulative probalbyliof the maximum airspeed dugrhe time that
the gear isx@ended ér both the departure and apach phaes of fight.

5.5 PROPWSION SYSTEM DATA.

The cumulative probabily of ergine fan speed Nassociated with thrust reger operations was
derived from themeasured N ergine parameter. iBure A-82 presents the cumulative
probabilty of engine fan peed N at takeff, at thrust reveser depbyment, anl the maximum
fan sped N1 encoutered diring the time that the thrust reverser is dgeld.

6. CONCLUSIONS.

Incorporation of the additional data formats provides new and informative statistical information
to the aircraft manufacturers, airlines, and the FAA.

Comparison of the gust load factmrcurrence daa of this reporbased on 13,916 hours with the
same data lsad on 817.7 hours in reference 3 showsegal agrement for incremental load
factor levels to plus or minus 0.5 g. Atidher loa factors the newdata shows reduced
occurrence levels, indicatirthat the extrapolation of limited data samplesy tead to erroneous
results. An identical conclusion is drawn when comggttie maneuver load factor results. The
FAA goal is to collect a minimum of reated flight hours equal to orgesign life to provide a
reliable databaselt would seem prudent to continue the dagtherirg for some time, until a
stable datal=e is obtained.

The autopilot and flamusages prented in this report differignificanty from earlier usges
presented in reference 3. Thisggests that the operational procedusenpbyed chage over
time. Chages in operational procedures would be expected thy dppall identical aircraft in
the airline fleet. To track the impact of such s a sinkp reresentative aircraft should
remain installed with aifjht loads recorder thughout its life.

The data in igure A-66 shows that themeasured gust load factors for the flapdeaded
configuration oftenoccur outside thelesgn V-n diagram. Thelata siggests that the present
gust degyn requirements forhe flaps &tended cafiguration nay need to be reviewdefor
adequay. An assessmeiaf the apprriateness of the continued usieUqe values specified in
FAR 25.345 for Igh-lift devices apears to be justified. Derived gust egly, Uge, values
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obtained from this effort show deviation from the data presented in reference 6. In general, for

altitudes below 1,500 feet the B-737—400 data show higher levels of occurrences for the upward
gusts and fewer for the downward gusts than presented in reference 6. For the altitude range
from 1,500-9,500 feet the occurrences from the B-737-400 compare very well with the reference

6 data. For levels above 9,500 feet the B-737-400 occurrences are below those predicted by
reference 6. In as much as reference 6 represented a rather preliminary effort to define
atmospheric turbulence in power spectral format, the B-737-400 data should also be compared to
other study results to provide a more complete assessment of the B-737-400 data and its
influence on future design requirements.

Furthermore, calculation of turbulence field parameters, P and b values, based on the B-737-400
data is considered desirable and should be included in future data reduction efforts. The
resulting values should be compared with turbulence field parameters specified in reference 6
and Appendix G to Part 25 of the FAR.

The technique used in this report to separate gust and maneuver accelerations results in positive
maneuver occurrences only. The most common method previously used to separate maneuver
and gust accelerations has been the so called 2-second rule. From reviews of measured data and
studies of aircraft response to elevator motion it was determined that for larger aircraft
essentially all of the maneuver load factor peaks can be expected to be counted if a time between
zero crossings greater than 2 seconds is used. Load factor peaks with zero crossings less than 2
seconds will mostly all be gusts. This approach resulted in the identification of both positive and
negative maneuver occurrences. A cursory review of the B-737-400 acceleration data shows that
pitching maneuvers resulting in both positive and negative accelerations do occur with some
frequency and magnitude in the climb phase. Unfortunately these occurrences are counted as
gusts. A study to evaluate the impact of different maneuver and gust separation criteria is very
important and should be done before much is made of the differences in the gust frequencies
noted and before turbulence field parameters are derived.

Statistical information on flight control surface activity is a valuable input to the design
requirements for these surfaces and their associated components. Flight control surface
deflections are recorded at two samples per second (2 sps) and can easily be reduced to provide
the desired information. Unfortunately, there are doubts about the adequacy of the sampling
rates to provide reliable results. For this reason the flight control surface deflection data were
not processed. A study to determine the sampling rates as a function of control surface
deflection rate necessary to provide acceptable statistical surface deflection information would
be invaluable.
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Takeoff Gross Weight (1000 Lb)

| 11398 Flts I 80-90 | 90-100| 100-110| 110-120| 120-130( 130-140| 140-150| Total

0-250 0.14 2.343 6.413 5.782 2 16.678

250-500 0.044 2.676 9.203 13.397 10.177 0.035 35.533

500-750 0.132 1.904 5.027 9.589 1.105 0.009 17.766

750-1000 0.079 1.237 3.834 9.037 4343 0.009 18.538
s
g

3 1000-1250 0.149 0.886 2.062 2.316 0.105 5519
5
2
o

% 1250-1500 0.026 0.307 0.404 0.658 0.07 1.465
2

1500-1750 0.053 0518 15 0.912 2.983

1750-2000 0.009 0.035 0.123 0.842 0.316 1.325

2000-2250 0.018 0.088 0.088 0.193

Total 0.184 5.229 18.942 | 29.321 33.927 10.888 1509 100

FIGURE A-5. CORRELATION OF TAKEOFF GROSS WEIGHT AND FLIGHT DISTANCE,
PERCENT OF FLIGHTS

Gross Weight at Liftoff (1000 Lb)

11398 Fits | 80-90 | 90-100| 100-110| 110-120( 120-130| 130-140( 140-150| Total
§ 80-90 0.184 1.193 0.132 1.509
o
S)
S]
a3
c 90-100 4.036 11.046 1.939 0.114 17.135
5
°
S
E 100-110 7.765 19.635 4.834 1.044 0.035 33.313
T
=
f=4
g 110-120 7.747 28.356 9.116 143 46.649
1]
1%]
o
© 120-130 0.623 0.728 0.044 1.395
Total 0.184 5.229 18.942 | 29.321 | 33.927 | 10.888 1.509 100

FIGURE A-6. CORRELATION OF GROSS WEIGHT AT LIFTOFF AND TOUCHDOWN,
PERCENT OF FLIGHTS



Maximum Altitude (1000 Feet)

11723 Flts 0-5 5-10 | 10-15| 15-20( 20-25 | 25-30 | 30-35 | 35-40 Total
0-250 0.051 | 0.563 | 1.638 | 2.602 | 9.068 2.269 0.392 0.136 | 16.719
250-500 0.017 | 1.689 | 14911 | 10.663| 8.249 | 35.528
500-750 0.068 0.768 8.462 8.436 | 17.734
§ 750-1000 0.06 0.478 9.733 8.317 | 18.587
]
< 1000-1250 0.034 0.094 3.062 2.32 5511
2
[a)]
E@ 1250-1500 0.026 0.631 0.793 1.45
2
1500-1750 0.026 1.467 1.476 2.969
1750-2000 0.026 0.887 0.384 1.297
2000-2250 0.171 0.034 0.205
Total 0.051 | 0.563 | 1.638 | 2.619 | 10.919 | 18.596 | 35.469 | 30.146 100

FIGURE A-7. CORRELATION OF MAXIMUM ALTITUDE AND FLIGHT DISTANCE,
PERCENT OF FLIGHTS

Total Flight Distance (NM)

11723Fis | 0-250 | 250-500| 500-750| 750-1000| 1000-1250| 1250-1500| 1500-1750| 1750-2000| 2000-2250| 2250-2500
29,500-39,500 | 009 | 2003 | 514 64.46 70.11 76.33 80.4 81.79 81.63 83.56
19,500-29,500 | 28.14 | 4266 | 266 20.27 17.95 14.44 116 1132 1254 1217

g 9,500-19,500 | 4213 | 2202 | 12.76 8.69 6.94 5.67 471 3.99 3.44 24

L

2

8 45009500 | 1673 | 86 5.26 3.66 2901 2.05 213 177 125 0.92

3

E;

= 1500-4500 | 1031 | 524 3.00 2.18 16 1.19 0.93 0.93 0.89 0.71

500-1,500 2.04 1.07 0.68 0.49 0.34 0.23 0.18 0.17 0.18 0.16
0-500 056 | 0.38 0.21 0.24 0.16 0.08 0.05 0.04 0.06 0.08
Total 100 100 100 100 100 100 100 100 100 100

FIGURE A-8. PERCENT OF TOTAL DISTANCE IN ALTITUDE BANDS
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FIGURE A-40. CUMULATIVE OCCURRENCES OF DERIVED GUST VELOCITY PER
NAUTICAL MILE, FLAPS EXTENDED

100 e o b e e e e e e e e e b
- 8448 Flights

12560.84 Hours

5064008 NM

[
10" '
|
|

|t

/
| 1
102 - /

i \
/ \
10 / \

10°® | ’/ \ |

Cumulative Occurrences per Nautical Mile

~
~
N

|t
L

10 | /

\-..

FAR 25.341Limits

T T T T T T
-100 -80 -60 -40 -20 0 20 40 60 80 100
Derived Gust Velocity, Ude (Ft/Sec EAS)

FIGURE A-41. CUMULATIVE OCCURRENCES OF DERIVED GUST VELOCITY PER
NAUTICAL MILE, FLAPS RETRACTED

A-25



10*

10°
o
g
10!
E
z
g
g 107
g
=
8
2 10°
K
=]
1S
=1
(]
10
10°
10°®

P
8448 Flights
992.64 Hours
[~ 180678 NM
JAAY
—\
/ \
/ \
/ \
/ \
1"' \
/
) \
/ \
VA AN
\
\‘
-50‘ ‘ ‘120‘ 80 ‘-40‘ ‘ ‘0‘ ‘ ‘40‘ ‘ ‘80‘ ‘ ‘120‘ ‘ ‘160

Continuous Gust Intensity, L{; (Ft/Sec TAS)

FIGURE A-42. CUMULATIVE OCCURRENCES OF CONTINUOUS GUST INTENSITY
PER NAUTICAL MILE, FLAPS EXTENDED

10° P R
8448 Flights
- 12560.84 Hours
[ 5064008 NM
10 [
&R
%’ T\
g 107 LI
E [
3 1 \
3 102 / \
5 : 5
5] I \
8 ] \
¥ 10 ,/ \_
3 7 X
: / \
£ ] \
10° \
7
f I
/ \
10® / \
} X
1
|
107
-160 120 80 -40 0 40 80 120 160

Continuous Gust Intensity, %J (Ft/Sec TAS)

FIGURE A-43. CUMULATIVE OCCURRENCES OF CONTINUOUS GUST INTENSITY
PER NAUTICAL MILE, FLAPS RETRACTED

A-26



3ANLILTV A aNINTD ONIINA S4NOH
000T d3d d012V4 avO1 d3ANIANVYIN TVLININIHONI
40 S3ON3IHINIDD0 INILYININND "S-V FdNOI4

(6) ~:<;Eomu_ peo [eluswalou|

GE0 €0 Tl A0 ST'0 TO S0°0 0
Il Il Il Il Il Il Il Il Il Il Il Il Il Il Il Il Il Il Il Il Il Il Il Il Il Il Il HOH
A A |
AN \ 7
ANN \ |
A\Y \ ,
.Y \ i
B — \ W
,/ / \ | 0T
N\
N A |
N\ N\ \ 7
N\ N\ N\ \ |
\ \ N\ \
N\ \ N\ \ I
// // //// // // W
// A AV /// \ I MOH
O\
AN N N N\
ANEHAN N\
N\ AN J/ ANAN
N\ \NEAVAN \\
N\ NN
AN N\ AN ANAY
// // // // N\ // // OH
AN
[ SIHST'ST 4 005'6€-005'vE —¥— N // %// NC
H SIHZ0'Zv d 00S'vE-005'6C —&— NN N\
H SIHTT0S  00§'62-005'vZ —i— A — A ot
SIH 627 4 00S'V2-005'6T —e— /7 s
|| SIHBEEE I 005'6T-008'yT —A—
|| SiH6vZE 4 005¥T-005'6 —F— LN
|| SIHOTZ 4 005'6-005"7 —o— LN\
1 SHTZL 940080087 —— N !
H SIH6200  4005-005 —e— |
T T T 7 T T T T 7 T T T T 7 T T T T T T W T T T T T T QOH

SINOH 000T Jd S82UBLINJDQ aARRINWND

AANLILTV A9 3dNLYVd3d ONIdNA S4NOH
000T d3d d012V4 avO1 d3ANIANVIN TVLINIWIHONI
40 S3FONIHINIDD0 IAILYINNND Y-V 3dNOI4

(B) N:Q._Qomn_ peoT [eluawaldu|

SE0 €0

Tl (A

ST'0 TO

S0'0 0
L O._”

N\
ANNEAY \
ANAN \
LN N
// AN / /

0T

I AN

SINOH 8T'0 1994 0056-0057 ——

|| sinoH ¥T'v 1994 005¥-006T —<— \
| SINOH G/'Z 1994 00ST-00G —F= /
H snoH 80T 1994 005>

SINOH Q00T J2d S82UBLINJJ0 BARRINWIND

A-27



3dNLILV A9 LN3OS3d AdNLILTV Ad ISINGD ONIJINA S4NOH
ONIdNA SHNOH 000T d3d dO12V4 AvO1 d3ANIANVIN 000T d3d 4012V4 avO1 d3ANINVIN TVLINIWIHONI
40 S3ON3IHdNIDD0 IAILVYININND "L-V FdNOId 40 S3FONIHINIDD0 ALY ININND "91-V JdNOI4

) (6) Ncq_osmn_ peoT [eluswaiou|
(B) - uv'i0)oe4 pEOoT [BlUBWBIIU|

. . . . . . . G20 20 STO TO S00 0
geo €0 G20 c0 ST0 TO S00 0 , , , , , L U
N S B WY ' ! ! 00T
SIH T6'682 ‘4 005'6€-005'vE —¥—
SIH T9°62¢ ‘14 005'7E-005'62 ——
SIH 66'9€T ‘14 005'62-005'vZ —l—
// / x SIH 6T'6v 4 005'72-005'6T —e—
A RANN \ SIHOT'TT 5 005'61-005'%T —~— | 0T
// //M/ oT / SIH.6'LT 14 00S'¥T-005'6 —F—
o N [4 \ SIHEV'6 14 005'6-005'y —o—
/ / X N SIHEET 4 00S'7-005'T —B—
/ / / / // SIH8Z000 4 005'T-005 —e—
AN AN X
\C NV VAN o 3 N 0T
AN ) S W VAV E]
// \ / 3\ / / = /
Q
// // /f \ / // MOH w // /
o AN N\
S A NN N\
\ 8 L\ AN AN
/ / // 3 NN N\ N
NS VAVAR WA N : AN N 0T
@
NSV RRY. G N 3 ey /// / //
D N T 2
// // / / ///”/ m / / ‘/ //
\,  —V av N N\ //v vO._” S // ”/// // /Jv
I AN AN AN
////é = \, NN NS
AEAMR BN i NN ~ o1
AN ANEANNN ﬁ
N\ / \ // /w N
N LN // /// ~
SIH ¥/ 4 005'6€-000G € —¥— A W . N N\
SIH S5'SZ ' 005'V€-005'62 —— N ~ ;0T N\
SIHTL'SY 4 005'62-005'vZ —l— /ﬂ// NG o1
SIHET'8F K 005'72-005'6T —@— / ~ S
SIHZ8'6E "4 00S'6T-005 VT —~— i w/
SIHEVZS ‘I 00S'T-005'6 —F— b ~
SIHE'SE  d005'6-005Y —o— ~
SIHEZS 4 00S'7-005'T —F
SIH8S00 4 00S'T-00S
————————— — 40T 0T

A-28

SINOH Q00T J8d S82Ua1IN22Q aAReINWND



AANLILTV A9 F3dN1LYVd3d ONIdNd
7N TVIILNVYN d3d d012V4 dvO1 d3ANIANVIN
40 S3ON3IHINIDD0 INILYINNND "61-V JdNOI4

z
(6) "uv'ioloe4 peoT [ejuswWaIdU]

SE'0 €0 G20 0 ST'0 Y S0°0 0
T @.OH

/|

N\ AN
N\ N\
\ AN
AN N\ N\
N\ N\
// // //

N

\
AN
AN
//
0T
WN SE€60T ‘4 005'6-005'y —F—
AN €22.2 4 00S'7-00S'T ——
INN 80966T 14 005'T-00§ —H—
NN T0SZ8 4 005> —e—
T T T T OH

T T T T T T T [ T T T T [ T T 171 | — L R

3|IN [eonneN Jad $80U8LINJ00 BARRINWND

AdNLILTV A9 HOVOYdddY
ONIAdNA SHNOH 000T d3d 40120V4 dvO1 d3aANINVIN
40 SIONIHINIDD0 IAILYINNND 8-V dNOIH

z
(6) "uv‘i010e4 peOoT [BIUSWAIOU]

L0 90 S0 ¥'0 €0 c0 TO 0
L OH

0T

SINOH 000T J8d $80UBLINJD0 BARRINWND

WA

==
T
er ]

sz
{ﬁ il

0T
SIH G¥00°0 14 005'6T-005'YT —@—

SIH S0 ‘14 00S'¥T-005'6 —/—
SIH GE'0T 14 005'6-00G' ¥ —F—
SIH¥¥'€Z 14 005'¥-005'T ——
SIHS9'9 14 00S'T-00S =
SIH 9¥'¢ 4 005> —&—

0T

T T T g

A-29



3dNLILTV A9 3SINGD ONIdNd 3dNLILTV Ad dININTO ONIdNAd

7N TVOILNVYN d3d dO0L0V4d dVO1 daANINVIN JTN TVOILNVYN d3dd d010V4d dvO1 daANIANVIA
40 S3AON3IHINIDD0 IAILLVYININND TSV JdNOId 40 S3ON3IHAINIDD0 IAILVYININND "05-V JdNOId
(6) “uv'io1oe4 peOT [RlUB WU (6) ‘uviooe4 peOT [RIUB WAL
G20 Al ST'0 T0 S0°0 0 Ge0 €0 ST ¢0 ST0 TO0 S0'0 0
, S ] S ] 0T -—_
L.\
N\
N\
N\
\ LN

ANEEANN A
//// // AN NN —— \
/M/ // // //// /
N\ N\ AN N\ NN \ N\
/f’ // OH m N, N N A} N OH
N\ ) 2 ANANR\N \ m
c
X 5
! \ N AN NN N\
\ \NERAN o N\ AN AN
AN \ AN AN g h— D NN
X \. \, ANAN g DA —— N\
/// Mﬂ/// /Ir //N// w // // 2 4/! // // 0T
AN NN\ NS NN .OH I5) J %
N v 5 NN\
/ /// / /“ 3 // ANER NN Lﬂ/
NN\ 5 A SR VA N
2 AN N W N N N
N\ N\ F N\ L N N N
// // S N c // N /// A
L\ W W N

/]
ry
s
%
é,

N\ . N
AN
N
: : : AN 2¥8.S¥ 4 00G'6€-005'VE —¥— AN
AN 82€6T98 14 00S'6€-005 V€ —¥— WN S8TESZT ‘4 005'¥7E-005'62 —6—
NN €€868.2T ‘14 005'V€-005'6C ——— 1 WN68906%T ‘4 005'62-00S'vZ —— Ll N.OH
] NN Z0T0L0¥ 4 005'62-00S'vC —— N.o._” AN L0€0GET ‘A 00S't2-005'6T —e—
NN S6¥8€ST 14 00G'72-005'6T —@— AN 2LETYTT ‘4 00S'6T-00S' VT ——
NN STT00¥ 14 00S'6T-00S' VT —— WN T92692T 4 00S'¥T-005'6 —F—
NN §S8.%¥. 4 00S'¥T-005'6 —F— AN G2ZSTTOT ‘14 005'6-00S'Y
AN OSTTLY 14 005'6-00S‘Y WN 6T00CY 4 00S'-00S'T —H—
AN vZeCL 14 00§'¥-00S§'T —=F— AN 099T ‘14 005'1-00§ —6&—
AN T9T ‘4 005°T-00§ —e— T T T T T T - L — H.O._u

0]

I I T-

A-30

3[IN [eanneN Jad $82U81IN200 aAle|NWND



AdNLILTV A9 HOVOdddY 9ONIdNd
7N TVIILNVYN d3d d012V4 dvO1 d3ANIANVIN
40 S3ON3IHINIDD0 IAILYINNND €S-V FdNOI4

(B) Ncq,houomn_ peo [eluswaloul
L0 9'0 S0 7’0 €0 A TO 0
L L L L L L L L L L L L L L w.OH

3IN [eannen Jad $80UB1IN00Q0 BARRINWND

—
L

|
—

¢0T

\
A |
AN 622 14 00S°6T-005'YT —e— /
NN 0€862 ‘14 00S'7T-005'6 —— M
AN G85€¥9 14 00S'6-00S' —F—
AN GT60S9T 14 00S'¥-00S'T ——
AN T€829G 14 00S'T-00S =
WN L¥961¢

/ —

‘4 006> —6—
,,,,,,,,,,,,,,,,,,,,,,N.OH

3dNLILTV A9 LN3OS3dA ONIdNAd
A TVOILNVYN d3d 4010V4d dvOT d3ANINVIN
40 S3FONIHINIDD0 IAILYININND ¢SV dNOI4

(B) Ncqgosmu_ peoT [ejuswalou|

Se'0 €0 G20 20 ST'0 TO S0°0 0
Lo 1 1 1 Lo 1 1 1 Lo 1 1 1 - 1 Nvo.ﬂ

AN \ AW\
AN AN A\ \
AN AN AN VA

AN \ NN
AN AN \

_[ WN96.ZS 400S'6£-005'1E —¥—

h W VA — 0T
N 9€929. ‘4 00S'¥€-005'6C —— /Mw &
WN 8€0L9€T ‘4 005'62-00S'vC —M—
WN €¥222ST ‘4 005'72-005'6T —@—
WN T89LLET 4 00S'6T-00S' VT ——

|| WN TT€0902 ‘4 005'¥T-005'6 —F— N
| WN8ELSTZT 4 005'6-005'y —o— ~
H WNEE09Er 4 00S'7-008'T —B hl
H WN68TE 9 00S'T-00S

T T T T T T T T T T T N.O._”

BN [eonneN Jad S82uBLIN200 aAleINWND

A-31



S3SVHd 1HOI'14 d3INIFGINOD
‘SYNOH 000T Y¥3d JOLIOV4 AvO1 d3IANINVIN
40 S3ON3IHdNIDD0 IAILVYININND "SS-V JdNOI4

6) Ncq ‘10104 peoT JaANaUBN

80 L0 90 S0 70 €0 ¢0 T0 0
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,N.O._”

/ 0T

/ L0T

SINOH 9T6ET
—_——r———t 1,01

s.noH 1yBiIH 00T Jad S32ua1IN290 aAIRINND

dSVHd 1HOId Ad
SHNOH 000T d3dd 4010V4d dVOT d3ANINVIA
40 S3FONIHINIDD0 ALY INNND "¥S-V JdNOId

6) Ncq ‘1010€eH peOT JaANBUBN

80 L0 90 S0 14Y €0 c0 TO 0

L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L HnOH
/ 00T
i
A
A\ \
\\ \
j1 / / ’_
L ) \
Wl
A\ VAN
AL
LA U
D —
AN W Y \
W
A\
AW N\
A\ EEAY
AW \
B\ ——
AL W ¥ N\
AN
AMA\Y
AVEA\Y
\
N 0T
SINOH 8698 “‘Yoeoddy —A— //\ ¥
L SINOH 82852  ‘lu8dsaq i
H  SIOHgWV/6L  ‘BsnID A
[l  smoHzzeez quipy —=—
H  sinoH 09T ‘ainedsq —e—
- 0T

SInoH WBIH 000T J2d S89U4IN220 SANEINUND

A-32



S3SVHd 1HOI'14 d3INIFGINOD
‘T TVOILNVYN ¥3d J0L0V4 avOT1 d3IANINVIN
40 S3ON3IHdNIDD0 IAILVYININND LSV FdNOI4

(6) Nc< ‘1019€4 peOoT JaAnauepN

80 L0 90 S0 14Y €0 0 TO 0
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,h.o._”

N

N
N

1

\ ,.0T

L
ﬂ”’
¥

_/ &0T

B[N eonneN Jad S82us.1IN200 SAIINWND

Sl

I
NN OOY'YBE'S |

dSVHd 1HOId Ad
1A TVOILNVYN d3d d010V4 dVOT d3ANINVIN
40 S3FONIHINIDD0 ALY ININND "95-V JdNOIH

6) Ncq ‘1010€eH peoT JaANaUBN

80 L0 90 S0 14Y €0 ¢0 T0 0

S N S R SN S SR Y
\
/ /
~ A\ |\ ma
AN\
Af // /
AW
/7///

VAN

[N [eonneN Jad S30Us1IN220 SAEINUND

A\ WA \UER
A\ W\ VI
L\ W\
\
fV‘ I\ 7/
W\
[
AN
L}
INN 0E6'9ST ‘Yoe0.ddy —A— \ -0T

NN OVT'Se6  ‘We9seq
AN 006'06EE  ‘@SINID
ANO08SZT88  ‘qQuiIlD —H=—
N 9ST'0E ‘einedeq —e—

0T

A-33



S3SVHd 1HOI'14 d3INIFGINOD dSVHd 1HOITd Ad SHNOH 000T d3d 4012V4
‘SYNOH 000T Y¥3d JOLIOV4 AvOo1 1VOILY3IA avoT TVOILH3aA 1SNO ANV d3ANINVIN d3INIFGINOD
40 S3ON3IHdNIDD0 IAILVYININND 65V JdNOI4 40 S3FONIHINIDD0 ALY ININND '85-V JdNOIH

z
(6) 'uv ‘019e4 peo [ejuawaIOU) (B) ‘uy “o10eo peo feluswaldy|

ST T S0 0 S'0- T- S'T- o o1 T 50 0 SO I- ST-
el 11 L1 1 [ N | [ N | 11 11 ﬂO._”
7 d/ N}
f 0T
/ o
N /
AN /
N\ /
\ /
_/ \ 00T
\ / 0F
\ 7/ m (@]
\ v 2 5
\. -0T oy s
= 2
\ / o o 3
I
/ \ 8 ¢ o
\ / 2 g
7 O] - 5
\ / g 3
\ / 3 3
\ i o OT o
E 3
" 2 s
e g = or 2
t / ,0T « :\ Z
Vo =
\ i
e £ ix:
== ] —+ == ot
= ot SIH 8£'G98 ‘Yorolddy — A &\ S
1 s SIH 82852 ‘U8 seq —F—
SIH8V.6L ‘@S0 — & el
SIHZzeez  ‘quid —H— |M_ D:
SINOH 9T6ET SIH ¥6°09T ‘Medeq —g &
7 wo._u T T T T _ T T T T _ T T T T T T T T T T T T T T T T wOH

A-34



S3SVHd 1HOI4 d3INIFGINOD
‘TN TVOILNVYN ¥3d YOLOV4H AvO1 TVOILYIA
40 S3ON3IHINIDD0 IAILYINANND "T9-V FdNOI4

(6) Nc< ‘10104 peOoT [EJUSWIIY|

ST T S0 0 S0- T- S'T-

——”/

\ | >

/ ,0T
\

N 007'¥8€'S
, 40T

[N [eonnen Jad S82UB1INJ00 SAIRINWIND

34SVHd 1H9OIT4
Ad 3N TVIILNVYN d3d d010V4 dvO1 1vIILYIA
40 SIONIHINIDD0 IAILYINNND "09-V FdNOI4

(6) “uy ‘10104 Peo [eusWaIoY|

ST T S0 0 S0 T- ST
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 NuOH
yi
: 50T
0T
,.0T
.07
7 -
1]
A7
e —
it -
I/
117
e
iS5 0T
7| WNoe69ST ‘yoeo)ddy —A— HA \\
WNEVTISZE ‘U99seq —F—
N LG806E€  ‘@SINID —<& Lw
WN8LZI8s  ‘quip —H—
WNOsToE ‘wedaq —e o1
T T T T _ T T T T _ T T T T T T T T T T T T T T T

|l [eonneN Jad Saoualnad0 aAneINWND

A-35



| |
19105.01 Hours

~
~
~-l
L
-1
L

Cumulative Occurrences per 1000 Hours

>
Ve
/1

10_2 T T T T T T T T T T
-05 -04 -03 -02 -01 0 01 02 03 04 05

Incremental Load Factor, n (9)

FIGURE A-62. CUMULATIVE OCCURRENCES OF LATERAL LOAD FACTOR PER 1000
HOURS, COMBINED FLIGHT PHASES

A-36



Load Factor, n, Q)

-2

Velocity

(KEAS)
0 00 200 300 400

V-n Diagram For lllustration Only

FIGURE A-63. COINCIDENT MANEUVER LOAD FACTOR AND SPEED VERSUS V-n
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FIGURE A-64. COINCIDENT MANEUVER LOAD FACTOR AND SPEED VERSUS V-n

DIAGRAM FOR FLAPS EXTENDED
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FIGURE A-65. COINCIDENT GUST LOAD FACTOR AND SPEED VERSUS V-n

DIAGRAM FOR FLAPS RETRACTED
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FIGURE A-66. COINCIDENT GUST LOAD FACTOR AND SPEED VERSUS V-n

DIAGRAM FOR FLAPS EXTENDED
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FIGURE A-70. PERCENT OF TIME IN FLAP DETENT DURING APPROACH

A-40



L n |
! NN Detent 1
RSN -— Detent5
" \ — — Detent 10
| w o\ ] | Detent 15
08 i ‘,'.\ ----- Detent25 |
° : Y L R R Detent 30
v\
"
" \
"
K v\
> kS vl \
= 0.6 : M \
z , \
5 \ :
o
g . \ \ \
© i \)
E 0.4 : : . |
3 4 - \ \
. \ \
Vo \
i‘ \ \
' A\ \
0.2 " \\ \\
SN \
\ \
N ~ . N
0 T T T
50 100 150 200 250
Dynamic Pressure, q (Lb/ftz)

FIGURE A-71. CUMULATIVE PROBABILITY OF MAXIMUM DYNAMIC PRESSURE IN
FLAP DETENT DURING DEPARTURE

1 e ‘
N \ Detent 1
b VoD -— Detent5
'\ . vl — — Detent 10
P L | N Detent 15
0.8 ‘\ .. "I L | E— TR Detent25 -
H PG L S N B by Detent 30
Voo \ -—-— Detent 40
\\ || \ --—— Detent 45
> } Vo
© b
8 i v
p ! Vo
= " '
g i L
£ 0.4 ] v
o \‘ \ \
b A ‘\
. b
\ N
i -
0.2 \‘ \_‘ \
\ “ \
© N
[IRY \\\_\ -
0 — —— -
0 50 100 150

200
Dynamic Pressure, q (Lb/ft?)

250

FIGURE A-72. CUMULATIVE PROBABILITY OF MAXIMUM DYNAMIC PRESSURE IN
FLAP DETENT DURING APPROACH

A-41



ININAOTdAA IMVHE dI3dS ININAOTdIA INVHE A33dS ONIINA d33dS WNINIXVIN
1V d33ds 40 ADNINOIYH IAILVINAND '¥2-V 34NOI- 40 ALINIgva0dd JAILYINNND "€2-V dNOId

(s)ouy) peadsiny Jusjeainbg (syouy) paadsin uaeninbg

(0[0)% (051 00¢ 0S¢ 00¢ 0ST 00T 00v 0S€ (o]0} 0S¢ 00¢ 0ST 00T
L L L L L L - - - L L L .OH L L L L L L L L L L L L O._”
S -

| ; ;
I 3 5
__ = 2
__ ot & 2
£ 0T 5
/ g / oo
g S
\ , :
| 8 I g
\ S

1 e |

\ l |

\ g _

2 \

7
L1
LA

0T A
/ T // H.O._u

\
swbid T2LTT
SWbid T2LTT ~
: 0T

: — 0T

A-42



a310Vy13d SdVv1d ‘"LINIWAOTd3IA IMvyd
d3a3dsS ONIINAd 19NV LNIINAO1d3A NNINIXVYIN ININAOTd3A IMVHE d33dS 1V
40 ALINIgvaodd JAILYININND "9/2-V FdNOId 3ANLILTV 40 AONINOIYH IAILVINAND "S-V 34NOId

(1934) apny

00007 000SE 0000€ 000S¢ 0000C¢ 000ST 0000T 0005 0
Om Ow Om ON OH o I - I - I - I - I - I - I - I -

(seaibaqg) a|buyuswAhojdag

| | | | | | | | | 0 v.OH
o B \
70 /
x 1 \
Z0 _
i | _/ ¢-0T
€0 o)
O c
‘ I \ 4
5 \ 2
o 3 N\ o
o N g
L i g N\ c
g . 3
g0 2 : 0§
he)
// :
L 1 AN T
«
90 // =
. - /r
. //
L0 -

N .01

‘ / | //

ﬁ
SWbl4 12LTT ] SWbId T2LTT W
7 J T H T T T T 7 T T T T 7, T T T T T T T T T T T T T T T T T T T T T T T T OOH

A-43



AOVMOLS ANV LNIJNAOTdIA d3SHINTY 1SNHHL

d3aAO01d3Ad SYISHIANTY LSNYHL HLIM
1V d33dS 40 ALIigvaodd JAILYINNND '82-V JdNOId

ANIL 40 ALITIGva0dd JAILYTININND “L.-V FdN9OI4

(syouy)) paads punoio

(spuodas) awil
00¢ 0ST 00T 0s 0
ot 00T 08 09 ov (014 0
_ I I I I | | | I I S- m‘o._”
siybii4 059TT JOVMOLS 1V — —
ININAOTd3IA LY
. ,01 - »-0T
\ __ N
/ \ AN
\ v ///
\ \ S
\ Y 0T o // 0T
\ 5
/ __ \
, \ d N
\ g N\
\ ) Z A\
1 g /
1 \ 01 n 20T
, \
/ ,_
\ ,. \
\ \
\ \ \
\ \ //
___ \ .0T X 10T
\ , \
\ , \
\ \ \
L N SWBIl 0S9TT //
S ~_ 0T , 00T

A-44

Aungeqoid eapeinwing



NMOdHONOL
Ol d0ldd d3dN3LX3d V3O ONIANVT HLIM
dNIL 40 ALITIgva0dd JAILYININND "08-V JdNOId

44014117 4314V d3AdN3LX3 V3O ONIANVT HLIM
ANIL 40 ALITIEGVA0dd JAILYININND "6.-V FdNOI4

(sainuiy) uoneing
(spuo2das) uoneing

(014 ST 0T 0z ST ()
(o) +-0T
- +-0T N
N X
/ // 0T
- \
~ N \
f/ £ o /
\ 2 \
QO

: \

5 \ 20T
/ g /
AW =
\ 20T /
\
\
\
S \ 1-0T
A% 0T
\
\
B /
SIBIH 0S9TT N 0T SIYBI 0G9TT 70T
, , —

Aungegoud aapenwng

A-45



4403axMVL LV N 40

1IN3IDH3d 40 ALINIAGva0dd IAILVINIANND "¢8-V 3dNSld

00T

G6

06

TN 1ud2i8d

a8

08

<72

—T
—

|~
L+

swbi4 059TT

10))

,0T

0ot

Aingeqold aapeinwingd

d3adN3I1LX3 dvV3IO HLIM d33dSdIV NNINIXVYIN
40 ALINIgva0dd JAILYINNND 18-V dNOId

(s)ouy) paadsiy parelqied

092 ove 022 002 08T 091 ovT
\
\
\
\
\ \
\
\ \
— L]
\ Y
\
\
\ \
\ \
\
\ \
’ Al
\ v
\ |
/ \
\ \
AN )
N\ \
N\
AN \
AN )
/’
/ \
N
syBI4 0S9TT / \
N\ \
IHUNLYVYd3A ONIENA — — N\
N
HOVOYddV ONIENd "
7 7 7 T T ,'

.0T

£0T

0T

Aujigeqoid aageinwing

A-46



Cumulative Probability

1 L T N N T e o A
\ : TTTe.. : N
-\ ‘ ‘ \
) ‘ . : \
-\ 5 - f \
\ | - B
\ : | 3
- i 3 \
v i § \
| 3 i
\ § :
\ :
| \: i
0.1 1 ) :
1 A i
"\ ?
-\ :
-\ i
\ 1
11650 Flights
At Take-off
— — At Thrust Reverser Deployment
----- Maximum While Thrust Reverser Deployed i
0.01 I \ \
20 30 40 50 60 70 80 90 100

Percent N1

FIGURE A-83. CUMULATIVE PROBABILITY OF PERCENT OF N

A-47/A-48



APPENDX BJ GREAT CIRCLE DISTANCE CALCULATION

North Pole
¢
[ 0
= )
Given:

Latitude and_ongitude p = distance from center
of Departure and ¢ = angle from North Pole
Destination Airpors 0 = angle E/W of prime meridian

Procedure: (see sketo)

The standard mheématicalsystem for sperical coordinates is shown,here tree variables
specfy location: p, ¢, and 6.

Let a= Great Circle Distance imgularmeasure.
Latitude is measured away from the Equator (0°) to tluetiNPole (+90y and the South Pole
(-90°); whereas in the stdard spherical aordinatesystem, the Nrth Pole, Equator, and South
Pole lie at 0°, 90°, and 180°, respediweTherefore,

¢ = 90° - latitude

transforms latitude readys into equivalent agles @) in the standard spherical coardie
system.

Then

b = 90° -Latitudeye,
c = 90° -Latitudg)es

whereb ard ¢ arevalues ofp for the dg@arture and destination locations, respetjive

B-1



Longitudeis measured away from the prime meridian (0°). Longitudes to the east are positive
and to the west negative. However, the standard spherical coordinate system measures its angles
in the opposite direction. Therefore,

0 = - longitude
transforms longitude readings into equivalent ang®s(the standard spherical coordinate
system.
Then

A (- Longitudeyey) - (- Longitudeep)

Longitudeyep - Longitudeyes

whereA is the value 06 between the departure and destination locations.

The following equation, based on the spherical coordinate system, allows the computation of the
Great Circle Distance. (Law of cosines for oblique spherical triangles)

cosa = cosb cosc + sinb sinc cosA
Substituting forb, ¢, andA from the above equalities,
cosa = cos (90° - Lafep) cos (90° - Laes
+ sin (90° - Lagep) Sin (90° - Lagey COS (LOMep - LONpey

Since

cos (90° - Ladep) = sin Labep
cos (90° - Laged = Sin Labes
sin (90° - Lagep) = cOS Lapep
sin (90° - Laped = COS Lages

by replacement one obtains
cosa = sin (Labep) Sin (Labed + cos (Lapey) COS (Labed COS (LOMes- LONpep)

Thus a, the angular measure of the great circle arc connecting the departure and destination
locations, is obtained as

a=cos' [sin (Labep) Sin (Labed + cOS (Lapey) COS (Labed COS (LOMes- LONpey)]
So, fora expressed in radians

GCD = aradiang
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and fora expressed in degrees,
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